Abstract Myocardial infarction (MI) results in myocardial scarring which can have an impact on left ventricular (LV) stiffness and contractile function, ultimately leading to reduced LV systolic function and LV remodelling, However some concerns about the relation between scar extension and segmental wall motion contractility is not enough clear. Thus, the association between myocardial scar, LV regional and global function and LV remodeling should be investigated. We studied the relationship between scar extension, wall motion score index (WMSI), LV dimensions and systolic function in a group of patients with previous MI by cardiac magnetic resonance (CMR). 133 patients with previous ([6 month) MI were retrospectively enrolled in the study. Indexed end-systolic volume (ESVi), indexed end-diastolic volume (EDVi), LV ejection fraction (EF), stroke volume (SV), LV mass were measured using CMR. WMSI and sum scar score (SSS) were also measured following AHA\ACC criteria giving an arbitrary cutoff to distinguish larger from restricted late gadolinium enhancement (LGE) area. A total of 2261 segments were studied: regional wall motion abnormalities were present in 1032 segments (45 %) and 724 (32 %) showed presence of MI (LGE). WMSI correlated significantly with EF (r = -0.87, p \ 0.0001) in all patients and in both patients with EF C 40 % (r = -0.77, p \ 0.0001) and EF \ 40 % (r = -0.68, p \ 0.0001). WMSI also correlated significantly with SSS (r = 0.57, p \ 0.0001). The correlation between WMSI and SSS was more significant in patients with transmural MI (WMSI 2.1 ± 0.5 and SSS 17 ± 8; r = 0.55, p \ 0.0001) than with non transmural MI (WMSI 1.6 ± 0.7 and SSS 6 ± 4; r = 0.34 and p = 0.02). A significant correlation was also found between EF and SSS (r = -0.55 and p \ 0.0001) and between SSS and LV indexed volumes (EDVi; r = 0.44, p \ 0.0001 and ESVi; r = 0.51, p \ 0.0001). Infarct transmurality and extension as expressed as SSS assessed with cardiac MRI has an impact on global and regional systolic function. A multi-parametric score measuring WMSI scar transmurality and extension, could better identify an increased cardiac remodeling after coronary event.
Introduction
Patients had an acute coronary event often leads to adverse cardiac remodelling and left ventricular (LV) dilatation. This trend depend on site and size of the myocardial scar (MIs), coronary artery disease severity but even on myocardial fibres status in the healthy segments. Cardiac magnetic resonance (CMR) is the gold-standard imaging technique to measure LV volumes and ejection fraction, cardiac dimensions and shape, as well as to assess scar extension and LV remodelling in patients following myocardial infarction (MI) [1, 2] . The strength of this diagnostic tool is based on its high spatial and temporal resolution, that permit to perfectly distinguish scar segment to viable segment [3] [4] [5] [6] . The late gadolinium enhancement (LGE) sequence can assess with high spatial resolution the presence and location of MI but also its transmurality.
In patients with previous MI a large scar can cause LV enlargement and cardiac remodelling, and loss of myocardial muscle consequent to the myocardial injury impaired contractile function. Post MI remodelling results from a fibrotic repair of the necrotic area, parietal thinning of damaged site with compensatory thickening of non-infarcted zone with myocites elongation and hypertrophy [7, 8] . All these changes results in cardiac enlargement, geometry modification with shift from elliptic to more spherical adaptation [9, 10] . The relationship between infarct size and cardiac remodelling have been extensively investigated, and it is well known that LV diastolic and systolic volumes correlate with prognosis [11] [12] [13] . Although this process is almost linear after a transmural MIs it depends on chamber haemodynamic forces, filling pressure and parietal stress during remodelling adaptation. Similar pathophysiological changes have been less investigated in patients with smaller nontransmural MIs in whom scar is restricted into the subendocardial layer. However, less data is available on the relationship between segmental wall motion contractility and global systolic function, scar extension and LV enlargement.
To address this gap in the literature, we used CMR to analyse MIs extension, wall motion score index (WMSI), LV systolic function and LV remodelling in a group of patients with previous MI. We also investigated the impact of scar burden on LV volumes in patients with transmural and non transmural MIs.
Methods
Between May 2011 and July 2012, 133 consecutive patients with previous MI (after 6-12 months since the acute event) referred for a CMR were enrolled in the study. There were 97 males and 36 females; mean age was 66 ± 9 years. Patients without history of MI or previous diagnosis of non-ischemic cardiomyopathy were excluded from the study; we also exclude patients with significant (moderate to severe) mitral regurgitation and patients with papillary muscles dysfunction in which the valve regurgitation could influence LV volume. All participants gave written informed consent to the study. The study was approved by the clinical audit committee of the University Hospital Bristol NHS Foundation Trust to meet ethical and legal requirements and individual consent was waived. The duration of the scan was approximately 50 min.
CMR protocol
All patients were studied using a 1.5 T scanner (Magnetom Avanto, Siemens). The scanning protocol included the acquisition of a full stack of short-and long-axis (2-, 3-, 4-chamber views) cines encompassing the left ventricle from base to apex. LGE images were acquired in the corresponding slice position as the cine imaging 10-15 min after contrast injection. Typical imaging parameters were repetition time (TR) 51.3 ms, echo time (TE) 1.21 ms, flip angle 80°, 8-mm slice thickness, no interslice gap, matrix size was 256 9 256 resulting in a typical voxel size of 1.4 9 1.4 9 6.0 mm, field of view ranging was from 340 to 400 mm.
Late gadolinium enhancement images were acquired in the corresponding slice position as the cine imaging 10-15 min after contrast injection (0.1 mmol/kg, Magnevist, Bayer Schering Pharma, Berlin, Germany). The images were obtained using a gradient echo segmented inversion recovery sequence. Typical image parameters were TR 700 ms, TE 4.33 ms; matrix 256 9 256; flip angle 30°; slice thickness 8.0 mm, no interslice gap, and voxel size 1.7 9 1.4 9 8 mm. The inversion time was progressively optimized to null normal myocardium (typical values, 250-350 ms). Images were acquired in the long-and short-axis planes covering the entire left ventricle.
Images were analyzed off-line using a semi-automated imaging post-processing software [Argus, Siemens, endsystolic volume index (ESVi), end-diastolic volume index (EDVi), left ventricular ejection fraction (EF), stroke volume (SV), LV mass calculated]. WMSI and sum scar score (SSS) were obtained for each patient using the 17-segment model for cardiac segmentation of the American Heart Association\American College of Cardiology (AHA/ACC) [14] . For assessment of regional wall motion abnormalities, each myocardial segment was score as: 1 = normokinesia, 2 = hypokinesia, 3 = akinesia, 4 = dyskinesia. WMSI was obtained by summing all individual scores and divided by the number of segments. Accordingly, the LGE images were also analyzed and scar transmurality was assessed using a five-point scale (0 = no infarction, 1 = scar transmurality B25 % of LV wall thickness, 2 = scar transmurality 26-50 %, 3 = scar transmurality 51-75 %, and 4 = scar transmurality 76-100 %) [15] . An infarcted segment was defined transmural if LGE [ 51 %, and nontransmural if LGE \ 50 % (Fig. 1) .
Hybernation was defined as chronic dysfunction of myocardium with still viable tissue in infarcted segments with functional recovery after revascularization. Myocardial hibernation was defined as scar transmurality 1 or 2 and regional wall motion 3 or 4. Scar extension was assessed with the SSS as the sum of each score in a scarred segment. Infarct transmurality and extension was assessed by consensus of two readers. For a sub-analysis, we also divided the patients in two groups: patients with large (SSS C 8) and patients with small infarct (SSS \ 8) to assess the impact of infarct extension on LV remodeling and EF.
Statistical analysis
The relations between parameters were determined by Wilcoxon signed-rank test. Continuous data of CMR parameters of groups with transmural and non transmural MIs were made by means of the analysis of variance test. A p value \0.05 was considered statistically significant. Analysis was obtained using Statistica 5.1 (Statsoft, Tulsa, OK, USA) and SPSS (release 6.1: SPSS, Chicago, IL, USA).
Results
The patients' clinical characteristics and CMR results are shown in Table 1 . The mean EF was 45 ± 12 %; EDVi 91 ± 28 ml/m 2 ; ESVi 52 ± 26 ml/m 2 ; SV 77 ± 20 ml; WMSI 1.9 ± 0.6; SSS 13.6 ± 9. The total number of studied segments was 2261 and the percentage of segments with regional wall motion was 1032 (45 %). Of the 2261 segments 724 (32 %) showed LGE.
Hibernated segments accounted for 14 % (n = 308) of all analyzed segments and 30 % of all segments with regional wall motion abnormalities.
Transmural LGE was observed in 387 segments (17 %) and non-transmural LGE in 337 segments (15 %). A transmural infarct was present in 68 % (n = 91) of the patients, non transmural infarct was identified in the remaining 32 % (n = 42; Table 1 ).
Wall motion score index correlated significantly with EF (r = -0.87 and p \ 0.0001) in all patients. The correlation was similar even when patients were divided on the basis of severe or non severe systolic dysfunction in patients with EF C 40 % (r = -0.77, p \ 0.0001) and in patients with EF \ 40 % (r = -0.68, p \ 0.0001; Fig. 2a-c) . WMSI was related as to EDVi (r = 0.58, p \ 0.001) as to ESVI (r = 0.74, p \ 0.001).
Wall motion score index also correlated significantly with SSS (r = 0.57 and p \ 0.0001; Fig. 3 ) This correlation was stronger in patients with EF C 40 % (r = 0.76 and p \ 0.0001). We found a good correlation between EF and SSS (r = -0.55 and p \ 0.0001); in line with this result there was a significance between SSS and EDVi (r = 0.44 and p \ 0.0001) and ESVi (r = 0.51 and p \ 0.0001, Fig. 4a -c instead the SSS did not correlate with SV (r = -0.13, p = 0.11).
There was a significant correlation between EF and larger infarct (SSS C 8), (r = -0.52 and p \ 0.0001) than in patients with SSS \ 8 (r = -0.12 and p = 0.46). WMSI and SSS showed stronger correlations among patients with SSS C 8 (r = 0.69 and p \ 0.0001) than in patients with SSS \ 8 (r = 0.43 and p \ 0.01). SSS was more increased in patients with transmural MIs respect to non-transmural MIs (18 ± 8 vs. 6 ± 4 p \ 0.001). We also divided our sample according to EDVi \ 78/ml/m 2 [16] we found a significant correlation between SSS and WMSI as in group with dilated EDVi as in those within normal range (r = 0.58, p \ 0.001 and r = 0.54, p \ 0.001 respectively). The same calculation was done about SSS and EF according to EDVi: SSS was inversely correlated with EF in both groups (r = -0.57, p \ 0.001; r = -0.50, p \ 0.001).
Patients with transmural MIs showed EF more decreased respect to patients with non transmural MIs (EF = 42 % ± 10 vs. 51 % ± 14 p \ 0.0001). Patients with transmural MIs also showed increased EDVi (95 ml/ m 2 ± 28 vs. 83 ml/m 2 ± 26 in non-transmural MIs; p = 0.01) and ESVi (56 ml/m 2 ± 25 vs. 43 ml/m 2 ± 26 in non-transmural MIs; p \ 0.0001). Transmural MIs revealed more negatively influence on WMSI than non-transmural MIs (WMSI 2.6 ± 0.4 vs. 1.8 ± 0.4, respectively p \ 0.0001; Table 2 ). WMSI and infarct extension (SSS) showed stronger correlations in patients with transmural MIs (WMSI 2.1 ± 0.5 and SSS 17 ± 8; r = 0.55 and p \0.0001) respect to non transmural MIs (WMSI 1.6 ± 0.7 and SSS 6 ± 4; r = 0.34 and p = 0.02; Fig. 5a, b) . 
Discussion
The impact of scar transmurality following a MI on WMSI and systolic function was not completely investigated.
The main finding of our study was the linear relation between scar extension and regional wall motion abnormalities. This data was more significant in patients with transmural MIs; unlike, patients with non-transmural MIs showed a less significant relation. In line with the current findings, patients with transmural MIs experienced greater systolic dysfunction than patients with subendocardial scar. In patients with transmural MIs, LV systolic function was more impaired compared to non-transmural MIs patients. This was potentially due to a larger burden of preserved parietal contractility in the rim of non-infarcted myocardium contributing to the segmental wall systolic motion. LV enlargement and lower ejection fraction was much more relevant in patients with larger scar extension.
In our study we demonstrated that scar extension had an impact on WMSI. Additionally, we observed that the greater the WMSI the worse the EF. Therefore WMSI was particularly high in patients with more impaired ejection fraction confirming the linear relation between segmental motion and global systolic function. Similar trend was observed measuring LV volumes and systolic function as well as comparing LV volumes with scar extension.
Taken together our findings confirm that cardiac remodelling is a process strictly related to scar extension and transmurality: patients with LGE [ 75 % experienced a more severe regional wall motion abnormalities. The current concept is even more remarked for the extension of the scar: patients with more extended myocardial injury ([8 segments) revealed an increased cardiac remodelling and more systolic dysfunction. Moreover we demonstrate a stronger relation between transmurality and scar extension, confirmed by more elevated SSS in patients with transmural infarct. Our data confirms previous reports in which infarct size correlated with LV volumes and EF [17, 18] . However, all this data was obtained in patients with transmural MI and could be now extended to all patients with previous MI [19, 20] . Although less significant, we found the same relation also in patients with non-transmural infarct.
The importance of scar extension and infarct transmurality is well recognized: [21] scar dimension is strictly related not only to adverse cardiac remodelling but also to cardiovascular events [22] . Scar recognition it is also a potential predictor for arrythmogenic substrate [23, 24] . Bella et al. [25] demonstrated that scar extent, end-diastolic volume and regional wall motion abnormalities could improve risk stratification of patients with previous MI. Moreover, scar extension together with identification of peri infarctual zone at risk provides incremental prognostic information beyond ejection fraction and LV volumes in patients with acute reperfused MI [26, 27] . The peri infarct zone is a dynamic process involving mechanical tensile forces that could influence LV remodelling and provide potential arrhythmic burden. It could also depend on the elastin amount within the scar [28, 29] . In line with the current observation, Klem et al. [30] in a multicenter international study showed that scar identification is important not only in patients with impaired systolic function but even in patients with preserved contractility. This observation agrees with another study evaluating scar and wall motion in patients with healed MI identifying scar as a better predictor of all cause mortality than EF or LV dimension [31] . Recently in a large multicenter study Shah showed a strict relation between scar extent and thinned myocardial region, revealing the two parameters were inversely related to contractility function [32] . Our data appear additional respect this report confirming a precise relation among scar extension and segmental wall motion abnormalities particularly in patients with transmural scar. However less significance was found in patients without transmural scar. CMR is the only one comprehensive imaging modality to combine scar extension and wall motion abnormalities: the images generation by thin slices reconstruction consent a precise and reproducible measurements beyond geometric assumption. These findings provide additional insight on the combined importance of scar characteristics and both cardiac remodelling and systolic function measurements.
Our findings are limited to a relative small sample size and they need to be confirmed in a larger sample of patients. As we investigated chronic MIs, we did not assess the impact of microvascular obstruction and myocardial edema in regional and global LV systolic function. Our protocol does not permit to differentiate small but transmural MI and large but subendocardial scar. The proposed SSS does not fill the gap, but it was not possible to built a mathematical model able to distinguish between scar transmurality and scar extension, that are two independent processes. We partially obviate this item comparing SSS with transmural and non transmural scar. Finally, the presence of hibernating myocardial segments could have partially influenced our findings but the numbers of hibernating walls founded in our patients was limited.
In conclusion, patients with transmural MIs demonstrated a more impaired global and regional systolic function together and increased LV dimensions. Beyond transmurality, scar extension is related even more with both segmental and global wall motion abnormalities as well as systolic dysfunction. This emphasised the importance of CMR in combining the assessment of MIs dimension, segmental wall motion and subsequent LV remodelling.
